Lesions associated with encephalomyocarditis (EMC) virus in the testes of Syrian hamsters were investigated. Histopathologic changes were first detectable by light microscopy at 3 days postinoculation (DPI). Immunohistochemically, virus antigens were detected in the cytoplasm of germ cells and Sertoli cells in some seminiferous tubules beginning at 2 DPI. The following ultrastructural changes were observed: 1) swelling of mitochondria and dilatation of endoplasmic reticulum in germ cells, 2) large number of residual bodies in seminiferous tubules, 3) aggregates of virus-like particles in the cytoplasm of degenerated cells and tubular lumen, 4) condensation of cytoplasm and dilatation of endoplasmic reticulum in Sertoli cells, and 5) degenerative changes in capillary endothelial cells.
Orchitis has been reported in human patients infected with human immunodeficiency virus (HIV) and has been observed occasionally following viral infections such as mumps and small POX.^,^ A more complete characterization of the pathogenesis of viral orchitis has been hampered by the lack of a suitable animal model. In investigations on the infection of rodents (mice, rats, hamsters, guinea pigs, and Mongolian gerbils) with encephalomyocarditis (EMC) virus, acute orchitis has been induced in mice and
In the hamster, the incidence of orchitis was loo%, and lesions were more severe than in mice. In this report, we describe the ultrastructural lesions associated with EMC virus in the testes and relate the findings to histochemical demonstration of viral antigen. EMC-induced orchitis in the hamster may serve as a model for virus-induced orchitis in humans.
Twenty 8-week-old male Std :golden Syrian hamsters (Japan SLC, Shizuoka) were used. Fifteen hamsters were inoculated intraperitoneally with 1 O5 plaque-forming units (PFU) each of the D variant of EMC virus (EMC-D; gifts from Dr. J. W. Yoon, University ofCalgary, Calgary, Alberta, Canada) and killed by exsanguination under ether anesthesia at 1,2, and 3 days postinoculation (DPI). The remaining five control animals were inoculated with 0.1 ml each of phosphate-buffered saline (PBS) and killed at 3 DPI. Testes and epididymides were fixed with 10% neutral buffered formalin for light microscopy. Paraffin sections were stained with hematoxylin and eosin (HE). Some testes were also stained histochemically using anti-EMC-D guinea pig serum as previously reported.'O Small pieces oftestes were fixed with 2.5% glutaraldehyde and 2.0% paraformaldehyde in 0.05 M phosphate buffer, postfixed in 1 .O% osmium tetroxide in the same buffer, and processed for electron microscopy.
As previously reported,' histopathologic changes were first detectable by light microscopy at 3 DPI. Vacuolar degeneration, necrosis and desquamation of germ cells, and formation of multinucleated giant cells were observed com-monly ( Fig. 1) . No changes were detected in epididymides. Virus antigens were detected in the cytoplasm of germ cells and Sertoli cells in some seminiferous tubules beginning at 2 DPI (Fig. 2 ). Specific reaction product was not observed in the control sections using normal guinea pig serum instead of anti-EMC-D guinea pig serum.
Ultrastructurally, swelling of mitochondria and dilatation of endoplasmic reticulum were observed in germ cells at 1 DPI (Fig. 3 ). The dilatation became prominent at 3 DPI, and large vacuoles occupied the edematous cytoplasm ( Fig. 4) . Compared with controls, a larger number of residual bodies were detected (Fig. 5 ). In addition, at 1 and 3 DPI aggregates of viruslike particles approximately 20 nm in diameter were found in the cytoplasm of degenerated cells and tubular lumina ( Fig. 6 ). Sertoli cells also exhibited degeneration, including condensation of cytoplasm and dilatation of endo- plasmic reticulum, from 1 DPI on. These changes were conspicuous in cells, which had lost their normal architecture (Fig. 7) . Capillary endothelial cells adjacent to seminiferous tubules occasionally exhibited degenerative changes such as pyknosis, dilatation of mitochondria, and formation of myelin figures.
In the early stage of infection in the hamster, viral replication was detected in brain, heart, pancreas, and Our results indicate that an orchitis occurred in the testes of all hamsters inoculated with lo5 PFU. These results indicate that the testes was one predictable target tissue for viral replication. Because orchitis developed following oral inoculation (unpublished data) and there was histopathologic evidence of endothelial degeneration in the capillaries of the testes, we concluded that the EMC virus reached the seminiferous tubules via blood. In these studies, it was not possible to identify which spermatogenic germ cell was first affected. To clarify the pathogenesis of the orchitis, the sequence of changes following infection of the germ cells and Sertoli cells must be investigated.
Residual bodies formed when a lobe of cytoplasm was pinched off from the spermatid. These residual bodies were phagocytized and digested by Sertoli cells.8 The large number of residual bodies observed in germ cells of EMC virusinfected hamsters may have reflected a change in dynamics of residual body phagocytosis.
Electron microscopic observation of EMC virus-like particles has been reported in pancreatic islet cells and renal interstitial cells of mice and myocardial cells of baboon^.'.^.^ The present report is the first of viruslike particles in the testis. These particles were typical in size and structure of picorna viruses and were consistent with the EMC virus.
In this study, the early ultrastructural development ofEMC virus-induced orchitis in Syrian hamsters was investigated.
Further characterization of this model may prove beneficial in understanding the pathogenesis of virus-induced orchitis.
